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(54) Method of manufacturing a MESFET 

(57) A semiconductor device manufacturing method 
with which a GaAs MESFET and an integrated circuit 
using the same can be manufactured cheaply and with 
high yield by accurately forming a mushroom-shaped 
gate electrode with inexpensive equipment and a short 
process. The method includes the steps of: depositing a 
first mask layer 16 on a semiconductor substrate; form- 
ing an opening 1 6a in the first mask layer 16; causing the 



first mask layer 16 to flow by heat-treating the semicon- 
ductor substrate; depositing a second mask layer 1 7 on 
the first mask layer; forming in the second mask layer 1 7 
an opening 17a larger than the opening 16a in the first 
mask layer 16 and exposing the opening 16a in the first 
mask layer 16; and forming a gate electrode 19 in the 
opening 17a in the second mask layer 17. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention s 

The present invention relates to a method for man- 
ufacturing a semiconductor device, and more particularly 
to a method for manufacturing a semiconductor device 
having a mushroom-shaped gate electrode, such as a io 
Schottky gate field effect transistor or an integrated cir- 
cuit including a Schottky gate field effect transistor. 

2. Description of the Related Art 

15 

Gallium arsenide Schottky gate field effect transis- 
tors (hereinafter referred to as GaAs MESFETs) have 
excellent high frequency characteristics and can have 
high outputs. To realize MESFETs of high performance 
(high frequency, high output, high efficiency) and high 20 
reliability, various structures and manufacturing methods 
have been proposed. 

To obtain high performance, for example reducing the 
gate resistance (Rg). the source resistance (Rg) and the 
source-drain capacitance (Cgs) and increasing the trans- 25 
mitting conductance (g,^) are important. To reduce the 
source-drain capacitance (Cgs) and increase the trans- 
mitting conductance (g^), it is effective to reduce the gate 
length. To prevent increasing of the gate resistance (Rg) 
resulting from reduction of the gate length, a mushroom- 30 
shaped gate electrode is effective. 

A conventional method for manufacturing a GaAs 
MESFET having a mushroom-shaped gate electrode is 
disclosed in Japanese Patent Publication No. 4-72381. 

Figs. 2 (a) to 2 (d) are sectional views illustrating a 35 
conventional method for manufacturing a GaAs MES- 
FET having a mushroom-shaped gate electrode. 

First, an active layer 22 is formed by epitaxial growth 
or ion implantation in the upper part of a semiconductor 
substrate 21 made of semi-insulating GaAs. Then, a 40 
source electrode 23 and a drain electrode 24 are formed 
on the active layer 22, an insulating film 25 and a resist 
layer 26 which is a first mask layer are successively 
deposited. An opening 26a is formed in a part of the 
resist layer 26 corresponding to a region where a gate 45 
electrode is to be formed (Fig. 2(a)). 

Next, an opening window 25a is formed in the insu- 
lating film 25 by selectively etching the insulating film 25 
using the resist layer 26 having the opening 26a as a 
mask (Fig. 2 (b)). so 

The resist layer 26 is then removed, and another 
resist layer 27 which is a second mask layer is deposited. 
An opening 27a wider than the opening window 25a is 
formed in the resist layer 27. A recess 28 is then formed 
in the active layer 22 by etching the active layer 22 using ss 
the resist layer 27 and the insulating film 25 as a mask 
(Fig. 2 (c)). 

Finally, metal constituting a gate electrode 29 is 
formed on the semiconductor substrate 21 by a vapor 



deposition method, the resist layer 27 is removed and 
the metal film thereon is thereby also removed, and a 
GaAs MESFET 20 having a mushroom-shaped gate 

electrode 29 is obtained (Fig. 2 (d)). 

However, in this kind of manufacturing method, 
when wet etching with phosphoric acid or sulfuric acid is 
used to etch the insulating film 25, some slight nonuni- 
formity of the amount of etching occurs over the sub- 
strate surface and among different lots. Thus, the 
intended width of the opening is not always obtained and 
uniformity is also sometimes poor. As a result there has 
been the problem that the device characteristics are non- 
uniform over the substrate surface and among different 
lots. 

To make the amount of etching, i.e. the width of the 
opening window 25a, more uniform, dry etching such as 
reactive ion etching or ion milling can be used. However, 
in these cases there has been the problem that the sur- 
face of the active layer 22 is damaged and the device 
characteristics consequently deteriorate. 

Also, this kind of manufacturing requires the steps 
of successively depositing the insulating film 25 and the 
resist layer 26 which is a first mask layer, forming the 
opening 26a in the resist layer 26, forming the opening 
window 25a in the insulating film 25 and then removing 
the resist layer 26, depositing the other resist layer 27 
which is a second mask layer, and forming the opening 
27a in the resist layer 27. Consequently there has been 
the problem that the process is complicated and cost is 
high. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a method 
for manufacturing a semiconductor device which solves 
the abovementioned problems and with which a GaAs 
MESFET and an integrated circuit using the same can 
be manufactured cheaply and with high yield by accu- 
rately forming a mushroom-shaped gate electrode with 
inexpensive equipment and a less complicated process. 

To solve the above-mentioned problems, the inven- 
tion provides a method for manufacturing a semiconduc- 
tor device. The method includes the steps of: depositing 
a first mask layer on a semiconductor substrate; forming 
an opening in the first mask layer; causing the first mask 
layer to flow by heat-treating the semiconductor sub- 
strate; depositing a second mask layer on the first mask 
layer; forming an opening in the second mask layer larger 
than the opening in the first mask layer and exposing the 
opening in the first mask layer; and depositing metal con- 
stituting a gate electrode in the opening in the second 
mask layer. 

In a semiconductor device manufacturing method 
according to the invention, because no step of forming 
an opening in an insulating film by etching is employed, 
the gate length is determined only by the width of the 
opening in a resist layer constituting the first mask layer. 
As a result, it is possible to form the opening in the resist 
layer with good control of the width of the opening without 
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damaging the surface of an active layer directly below 
the gate electrode. 

Also, because there is no step of forming an opening 
in an insulating film and no step of removing the resist 
film constituting the first mask layer, the process can be 5 
simplified. 

Other features and advantages of the present invention 
will become apparent from the following description of 
the invention which refers to the accompanying draw- 
ings. 10 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 (a) to 1 (d) are sectional views illustrating a 
method of manufacturing a GaAs MESFET accord- is 
ing to a preferred embodiment of the invention; and 
Figs. 2 (a) to 2 (d) are sectional views illustrating a 
conventional method of manufacturing a GaAs 
MESFET 

20 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Figs. 1 (a) to 1 (b) are sectional views illustrating a 
method for manufacturing a GaAs MESFET having a 25 
mushroom-shaped gate electrode according to a pre- 
ferred embodiment of the invention, and the manufactur- 
ing method is described below. 

First, as shown in Fig. 1 (a), an active layer 12 is 
formed by epitaxial growth or ion implantation in the 30 
upper part of a semiconductor substrate 1 1 made of 
semi-insulating GaAs. More specifically, the active layer 
12 is epitaxially grown on a semi-insulating GaAs sub- 
strate by the MBE (molecular beam epitaxy) method, the 
MOGVD (metal organic chemical vapor deposition) 35 
method, or another suitable method, so that the semi- 
conductor substrate 1 1 having the active layer 1 2 is pre- 
pared. Alternatively, the active layer 1 2 is formed in the 
surface region of the semiconductor substrate 1 1 by 
implanting impurity ions in the surface region of the sem- 40 
iconductor substrate 1 1 and activating the ions. There- 
after, a source electrode 1 3 and a drain electrode 1 4 are 
formed on the active layer 1 2. 

Photoresist is then applied on the entire upper sur- 
face of the semiconductor substrate 1 1 to form a resist 45 
film (not shown) on the semiconductor substrate 11. It is 
preferable that the photoresist is a positive type. The 
resist film can be formed with any suitable thickness hav- 
ing high exposure sensitivity for an 1-line stepper. Then, 
the resistfilm is exposed with an l-line light beam through 50 
a photomask or a reticle defining an opening 16a on the 
resistfilm. After exposing, the resistfilm is developed by 
an appropriate etchant, thereby obtaining a resist layer 
16 which is a first mask layer. The resist layer 16 has the 
opening 1 6a which is formed in a part of the resist layer 55 
16 corresponding to a region where a gate electrode is 
to be formed. 

Next, as shown in Fig. 1 (b), the semiconductor sub- 
strate 1 1 is heat-treated at a temperature, for example 



4 

at 200**C, for 30 minutes. During the heat treatment, the 
resist layer 1 6 flows and deforms, and corners 1 6c of the 
resist layer 16 become rounded. Since the resist layer 

16 mainly deforms at the corners 16c, a pattern width w 
does not substantially change during the heat treatment. 
As a result, a rounded resist layer 161 having an opening 
window 16b is formed on the semiconductor substrate 
11. 

In this step, it is preferable that the temperature of 
the heat-treatment is sufficiently higher than a tempera- 
ture at which a post-baking process is usually performed 
after developing a resist pattern. This is because such a 
post-baking process does not cause substantial defor- 
mation of a resist pattern. 

Then, another resist film is applied over the resist 
layer 1 61 having the opening window 1 6b. The resistfilm 
is exposed with a light beam through a photomask or a 
reticle defining opening 1 7a. The resist film is developed 
using a etchant, whereby a resist layer 1 7 which is a sec- 
ond mask layer and having an opening 17a wider than 
the opening window 16b is formed, as shown in Fig. 1 
(c). At this time, a negative resist or a multilayer resist 
can be used for the resist layer 1 7 which is a second 
mask layer to facilitate its lift-off in a later step. 

Since the resist layer 161 has be subjected to heat 
treatment, its characteristics with respect to exposure 
and development have changed, so that the resist layer 
161 is insensitive to a light beam used in an exposure 
process and a etchant used in a development process 
for forming the resist layer 1 7. Thus, the resist layer 161 
neither changes in shape nor mixes with the resist layer 

1 7 during the formation of the resist layer 1 7. 

Finally, as shown in Fig. 1 (d), metal constituting a 
gate electrode, for example Ti (titanium) / Pt (platinum) / 
Au (gold) is formed on the semiconductor substrate 1 1 
by a vapor deposition, and the resist layer 161 which is 
a first mask layer and the resist layer 1 7 which is a second 
mask layer are simultaneously removed using an organic 
solvent. At this time, the metal film formed on the resist 
layers 161 and 17 is also removed since the resist layer 
161 is round at the corners a GaAs MESFET 10 having 
a mushroom-shaped gate electrode 19 is successfully 
obtained without being ripped between a cap and a post 
of the mushroom-shaped gate electrode 19. 

Although not shown in Figs. 1(a) to 1(c), the active 
layer 12 can also be etched with the resist layer 16 or 
161 as a mask by wet etching so as to form a recess 
structure before depositing the metal. 

Although a preferred embodiment described above 
is a case wherein the invention is applied to the manu- 
facture of a MESFET, the invention can also be applied 
to a high electron mobility transistor (HEMT). 

Also, although in the preferred embodiment 
described above GaAs was used for the semiconductor 
substrate, the invention can also be applied in cases 
wherein other semiconductor substrates such as those 
made of Si or InP are used. 

As described above, with a semiconductor device 
manufacturing method according to the invention. 
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because it is possible to form an opening in a resist layer 
with good control of the width of the opening and without 
damaging the surface of an active layer directly below a 
gate electrode, mushroom-shaped gate electrodes hav- 
ing uniform gate lengths can be made. As a result, reduc- 5 
tion of the source-drain capacitance (Cgs), increase of 
the mutual conductance (grn) and reduction of the gate 
resistance (Rg) are possible. 

Also, it is possible to manufacture a MESFET and 
an integrated circuit using the same method, the repro- 10 
ducibility and uniformity of whose device characteristics, 
for example mutual conductance (g^), source-drain cur- 
rent (Idss) and pinch-off voltage (Vp), within its surface 
and among lots, are excellent. 

Furthermore, because it is possible to shorten the is 
process by which a mushroom-shaped gate electrode is 
made, manufacturing costs and materials costs can be 
greatly reduced. 

It will be appreciated by those skilled in the art that 
the present invention can be embodied in other specific 20 
forms without departing from the spirit or essential char- 
acteristics thereof. The presently disclosed embodi- 
ments are therefore considered in all respects to be 
illustrative and not restricted. The scope of the invention 
is indicated by the appended claims rather than the fore- 25 
going description and all changes that come within the 
meaning and range and equivalence thereof are 
intended to be embraced therein. 

Claims 30 

1 . A method for manufacturing a semiconductor device 
comprising the steps of: 

a) depositing a first mask layer (1 6) on a semi- 35 
conductor substrate (11); 

b) forming an opening (16a) in the first mask 
layer; 

c) causing the first mask layer (16) to flow by 
heat-treating the semiconductor substrate; 40 

d) depositing a second mask layer (17) on the 
first mask layer; 

e) forming in the second mask layer an opening 
(17a) larger than the opening (16a) in the first 
mask layer and exposing the opening (16a) in 45 
the first mask layer; and 

f) depositing metal in the opening (17a) in the 
second mask layer to form a first electrode on 
said semiconductor substrate. 

50 

2. A method for manufacturing a semiconductor device 
as in claim 1 , further comprising the step of depos- 
iting at least one additional electrode on said semi- 
conductor substrate (11) before depositing said first 
mask layer (16). 55 

3. A method for manufacturing a semiconductor device 
as in claim 2, wherein said at least one additional 
electrode comprises a drain electrode (14) and a 



source electrode (13) of a MESFET and said first 
electrode is a gate electrode (19) of said MESFET. 

4. A method for manufacturing a semiconductor device 
as in claim 1 , wherein said first mask layer (16) with 
said opening (16a) therein is formed by the steps of 
depositing a first photoresist film on said semicon- 
ductor substrate, exposing a portion of said first pho- 
toresist film to a suitable light beam defining said 
opening, and developing said photoresist film with a 
suitable etchant, said developed photoresist film 
being said first mask layer with said opening therein. 

5. A method for manufacturing a semiconductor device 
as in claim 4, wherein said first photoresist film is 
made of a positive-type photoresist. 

6. A method for manufacturing a semiconductor device 
as in claim 1 , wherein said heat-treating step causes 
edges (16c) of said first mask layer to become 
rounded. 

7. A method for manufacturing a semiconductor device 
as in claim 6, wherein said heat-treating step does 
not substantially change a shape (w) of said opening 
in the first mask layer. 

8. A method for manufacturing a semiconductor device 
as in claim 1 , wherein said heat-treating step is car- 
ried out at a temperature substantially higher than a 
temperature of a conventional post-baking process 
performed on a resist film. 

9. A method for manufacturing a semiconductor device 
as in claim 8, wherein said heat-treating step is car- 
ried out a 200''C. 

1 0. A method for manufacturing a semiconductor device 
as in claim 1 . wherein said second mask layer (17) 
and said opening (1 7a) therein are formed by depos- 
iting, exposing and developing a second photoresist 
film. 

1 1 . A method for manufacturing a semicorxjuctor device 
as in claim 10, wherein said second photoresist film 
is made of a negative-type photoresist. 

1 2. A method for manufacturing a semiconductor device 
as in claim 10, wherein said second photoresist film 
is made of a negative-type photoresist. 

1 3. A method for manufacturing a semiconductor device 
as in claim 10, wherein said heat-treating step 
causes said first mask layer (1 6) to be insensitive to 
a light beam and an etchant used in forming said 
second mask layer (1 7). 

1 4. A method for manufacturing a semiconductor device 
as in claim 1 , wherein said first and second mask 
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layers (16, 17) are formed by depositing, exposing 
and etching a photoresist, and said heat-treating 
step cause said first mask layer to be insensitive to 
a light beam and an etchant used in forming said 
second mask layer. 5 

1 5. A method for manufacturing a semiconductor device 

as in claim 1 , wherein said opening (1 6a) in said first 
mask layer (16) does not substantially extend into 
said semiconductor substrate (11) below said first io 
mask layer (16). 

16. A method according to one of the claims 1-15, 
wherein an active layer (12) is formed by a epitaxial 
growth or iron implementation in the upper part of is 
the semiconductor substrate (11) before depositing 
said first-mask layer (16) on the semiconductor sub- 
strate (11). 

17. A method according to claim 16, wherein a source 20 
electrode (1 3) and a drain electrode (1 4) are formed 

on said active layer (1 2). 

18. A method according to one of the claims 1-17, 
wherein said first mask-layer (16) and said second 25 
mask layer (17) are simultaneously removed after 
having constituted said gate electrode (19). 
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